Objectives: To clarify the role of infarct and non-infarct sites on left ventricular (LV) remodelling after myocardial infarction by measuring brain natriuretic peptide (BNP) from each site. Methods and results: BNP from the aorta and the anterior interventricular vein (AIV) was measured in 45 patients with first anterior myocardial infarction at one, six, and 18 months. The LV was significantly dilated (. 10 ml/m 2 of end diastolic volume from one to 18 months) in 20 patients (remodelling (R) group) but not in 25 others (non-remodelling (NR) group). Patient characteristics and LV functions did not differ significantly at one month but plasma BNP concentration was higher in group R than in group NR (336 (288) v 116 (106) pg/ml, p , 0.01), predicting the degree of LV dilatation. The difference in BNP concentration between the aortic root and AIV (DBNP), reflecting BNP secreted from the infarct site, did not differ at one month. In both groups BNP and DBNP significantly decreased from one to six months (p , 0.05) and decreased from six months to 18 months, but the change was not significant. BNP and DBNP were significantly higher in group R than in group NR after six months, when LV dilatation was not evident in both groups. Conclusion: Enhanced BNP secretion at one month in the non-infarct and infarct ventricular sites predicts subsequent LV dilatation (that is, remodelling). The slower process of LV remodelling decreased BNP secretion at both sites. Thus, BNP concentration should be useful for monitoring ventricular remodelling after infarction. W e 1 and others 2 previously reported that synthesis and secretion of brain natriuretic peptide (BNP) was augmented before progressive ventricular dilatation after myocardial infarction and that plasma BNP concentration predicted magnitude of subsequent left ventricular (LV) dilatation.
W e 1 and others 2 previously reported that synthesis and secretion of brain natriuretic peptide (BNP) was augmented before progressive ventricular dilatation after myocardial infarction and that plasma BNP concentration predicted magnitude of subsequent left ventricular (LV) dilatation. 3 4 Plasma BNP concentration thus reflects LV wall stress leading to dilatation. The difference in plasma BNP concentration between the aortic root and the anterior interventricular vein (AIV) also increases, indicating increased wall stretch at the infarct site. 5 LV dilatation after myocardial infarction results from both regional wall expansions at the infarct site and volume overload-type hypertrophy in non-infarct myocardium in response to increased wall stress. 6 Thus, simultaneous measurement of BNP secretion from the infarct site and from the entire ventricle would help to determine mechanisms of LV dilatation. Regional wall stress along with LV dilatation would decline after healing of the infarct. Sequential changes in plasma BNP concentration measured at infarct and non-infarct sites would clarify the role of each site in long term LV remodelling.
Over 18 months, we studied relations between concentrations of BNP, especially BNP at the infarct site, and LV dilatation in patients with their first anterior myocardial infarction.
PATIENTS AND METHODS

Patients
Of 102 patients admitted to our coronary care unit with their first anterior myocardial infarction who received successful reperfusion by primary coronary angioplasty with or without stenting, 45 fulfilled the study inclusion criteria: age below 80 years; absence of cardiomyopathy, severe valve disease, ventricular septal defect, atrial fibrillation, or cardiogenic shock (systolic pressure , 80 mm Hg); follow up cardiac catheterisation and measurement of plasma BNP at one, six, and 18 months after the onset; and no further cardiac events such as unstable angina, myocardial infarction, or silent occlusion of an infarct related artery during the study period. Anterior myocardial infarction was defined by ECGs showing ST segment elevation in at least two contiguous precordial leads and was confirmed by coronary angiograms depicting a total or subtotal proximal occlusion of the left anterior descending coronary artery and subsequent increase of creatine kinase activities more than twice normal range. Of these, we reported on 39 patients previously. 1 The protocol was approved by the ethics committee of Osaka Police Hospital.
Cardiac catheterisation and analysis of left ventriculography Cardiac catheterisation was performed at one month (25-36 days), six months (5-9 months), and 18 months (16-23 months) after onset, with written informed consent at the time of each procedure. Details of cardiac catheterisation were described previously. 1 Briefly, haemodynamic parameters including mean right atrial pressure, LV end diastolic pressure, and systemic blood pressure were measured. Blood was collected simultaneously from the aortic root and AIV for measurement of plasma BNP. To collect blood from the AIV, a 5 French NIH catheter with end hole was placed in the coronary sinus through the brachial vein and then advanced to the AIV with a guidewire. Blood from the AIV and from the aortic root was sampled simultaneously. After completion of haemodynamic measurements and blood sampling, left ventriculography was performed. Lastly, coronary angiography was performed after intracoronary administration of glyceryl trinitrate (0.1-0.3 mg). Left ventriculography was performed in the 30˚right anterior oblique position with a power injection and analysed as described previously. 7 Briefly, endocardial contours of the LV at end diastole and end systole were traced. The LV volume at these times was measured by the area-length method 8 and the ejection fraction was calculated. 9 Regional LV function was assessed by centre line methods as described previously. 10 Briefly, the centre line was defined as the point midway between the end diastolic and end systolic endocardial contours. Motion was measured along 100 chords within the LV shape constructed perpendicularly to the centre line and plotted in units of SD of normal data based on ventriculograms obtained in 100 normal subjects. Regional wall motion abnormality in the centre of the infarct region was calculated by averaging the motion of chords within the most hypokinetic half of the infarct related territory (chords 10 to 66) and expressed as SD per chord. A hypokinetic area was calculated where motion was depressed by more than 2 SD below the normal mean, expressed as the percentage of endocardial contour length.
Thallium-201 single photon emission computed tomography Myocardial single photon emission computed tomography was performed at about one month (19-38 days) after onset of myocardial infarction with a large field of view rotating double crystal gamma camera (OPTIMA, GE Medical, Minneapolis, Minnesota, USA) equipped with a low energy general purpose collimator and a computer interface (Starcam 4000; GE Medical). Image acquisition commenced in the 30˚right anterior oblique projection about three hours after the injection of 114 MBq 201 Tl. Thirty two sequential images separated by 5.6˚intervals were acquired over 180˚. Data were stored in a 64 6 64 matrix for subsequent analysis.
Infarct size was assessed according to methods previously described. 7 Briefly, mean defect severity was determined from the area under the circumferential curve more than 2 SD below normal at each slice. Curves were obtained by dividing the image of the LV into six layers at equidistant intervals perpendicular to its long axis. Defect volume was defined by summation of mean defect severity in each slice and was expressed in arbitrary units.
Measurement of BNP
All blood samples were collected in a chilled plastic syringe and transferred to chilled siliconised disposable tubes containing aprotinin and EDTA. The plasma fraction was immediately separated at 4˚C and stored at 280˚C until analysis. Plasma natriuretic peptide concentrations were measured by a radioimmunoassay kit specific for BNP (Shionoria, Osaka, Japan). 11 The lower limit of sensitivity for BNP in this assay was 4.0 pg/ml. Intra-assay and interassay variances were 4.4% and 2.0%, respectively.
Statistical analysis
All data were analysed by SPSS version 11.0 (SPSS Inc, Chicago, Illinois, USA). Data are expressed as mean (SD). For continuous variables, differences between groups were assessed by Student's t test; for categorical variables, Fisher's exact test was used. One way analysis of variance was used to assess differences in variables between one, six, and 18 months and two way analysis of variance was used to compare the groups during the study period. For the value of BNP, a non-parametric test was applied. The Kruskal-Wallis test was used to compare more than two groups. Two way analysis was done according to the Friedman's method. Multivariate linear regression analysis was used to identify the independent factors determining the degree of LV increment during the study period. Results were considered significant when the p , 0.05.
RESULTS
Patient characteristics
Among 45 patients enrolled in this study, 20 patients (remodelling (R) group) had significant LV dilatation, defined as an increase in end diastolic volume index (EDVI) of at least 10 ml/m 2 between 1-18 months after the onset, and 25 patients did not (non-remodelling (NR) group). No significant differences were evident between these two groups in terms of age, sex distribution, presence of established risk factors (diabetes mellitus, hyperlipidaemia, and hypertension), time from onset to reperfusion, angiographic characteristics, or defect volume. Medications given from immediately after admission through to 18 months did not differ between the groups, except for angiotensin converting enzyme (ACE) inhibitor and diuretics, which were taken by significantly more patients in group R than in group NR (table 1) . No patients had coronary intervention besides the acute phase during the study period. Table 2 presents data concerning LV function. No significant differences in LV end diastolic volume, end systolic volume, ejection fraction, regional wall motion abnormality, percentage hypokinetic area, or haemodynamic variables were evident between the two groups at one month. LV end diastolic and end systolic volumes increased significantly during the study period in group R. In group NR, no significant increment in end diastolic or end systolic volume was observed. Reflecting this pattern, end systolic and end diastolic LV volumes and ejection fraction differed significantly between the two groups during the study period. Regional wall motion abnormalities during the study period were worse in group R than in group NR but the differences were not significant. The percentage hypokinetic area in group NR at one month was somewhat smaller than that in group R and decreased after one month. The percentage hypokinetic area in group R, however, did not change; as a result, percentage hypokinetic area during the study period was significantly smaller than in group R. Haemodynamic variables including heart rate, systolic aortic pressure, LV end diastolic pressure, and mean atrial pressure were not significantly different between the two groups or at the follow up times.
Changes in LV function over time
Plasma BNP concentration
Plasma BNP concentration was significantly higher in group R (336 (288) pg/ml) than in group NR (116 (106) pg/ml) at one month (fig 1) . Plasma BNP concentration in group R decreased significantly from one to six months (152 (162) pg/ ml), then further decreased from six months to 18 months (71 (65) pg/ml), but the difference between six and 18 months did not reach significance. A similar change was observed in group R: plasma BNP concentration in group NR significantly decreased from one to six months (44 (58) pg/ ml) and did not change from six months to 18 months (42 (66) pg/ml). Plasma BNP concentrations was significantly higher in group R than in group NR during the study period.
The difference in plasma BNP concentration between the aortic root and AIV (DBNP), representing the amount of BNP released from the infarct site, was slightly higher in group R (665 (583) pg/ml) than in group NR (483 (365) pg/ml) at one month, but this was not significant (fig 2) . DBNP in group R and group NR decreased significantly from one to six months (297 (256) pg/ml for group R; 145 (189) pg/ml for group NR) and decreased from six months to 18 months (190 (207) pg/ ml for group R, 110 (166) pg/ml for group NR) but the difference was not evident between six months and 18 months, similar to the changes in BNP concentration. DBNP was significantly higher in group R than in group NR at both six months and 18 months.
Relation between plasma BNP concentration and LV dilatation
To summarise the changes in plasma BNP concentration and in end diastolic volume in both groups, fig 3 shows the BNP remodelling index expressed as BNP/EDVI. In both groups R and NR, the BNP remodelling index decreased significantly from one month to six months and decreased from six months to 18 months without significant difference. The BNP remodelling index was significantly higher in group R than in group NR during the entire study period.
Factors predictive of degree of LV dilatation
An increase in end diastolic volume (DEDVI) from one to six months was significantly correlated with LV end diastolic pressure (r = 0.422, p , 0.01), ejection fraction (r = 20.322, p , 0.05), defect volume (r = 0.391, p , 0.01), and plasma BNP concentration at one month (r = 0.532, p , 0.001). DEDVI from one to 18 months was significantly correlated with ejection fraction (r = 20.399, p , 0.01), regional wall motion abnormality (r = 20.313, p , 0.05), percentage hypokinetic area (r = 0.378, p , 0.05), LV end diastolic pressure (r = 0.369, p , 0.05), defect volume (r = 0.460, p , 0.01), and plasma BNP concentration at one month (r = 0.436, p , 0.01). No significant correlation was noted between DBNP and DEDVI either from one to six months or from one to 18 months. To elucidate the factors that predict the degree of LV dilatation, multivariate linear regression analysis with incremental method was adopted. In this method, the number of variables in the regression model increases step by step until residual variables are all insignificant. As a result, plasma BNP at one month and diuretics were the variables that correlated significantly with DEDVI from one to six months or from one to 18 months among the factors LV function, haemodynamic variables, age, sex, and medications (ACE inhibitor and diuretics).
DISCUSSION
Our study shows that secretion of BNP at the infarct segment was augmented after myocardial infarction and gradually decreased independently of subsequent LV dilatation one month after the index event. We also showed that LV dilatation enhanced BNP synthesis at the infarct and noninfarct segments, leading to a significantly high plasma BNP concentration in patients with LV dilatation up to six months; after that, plasma BNP concentration reached a steady state reflecting the decreased rate in the progression of LV dilatation at 18 months. Furthermore, we confirmed that plasma BNP concentration is a powerful short term predictor of LV dilatation as shown in previous reports, 1 2 in addition to long term prediction.
BNP concentration at one month and LV remodelling Increased wall stress after myocardial infarction mostly derives from stretch in the border zone between infarct and non-infarct sites. Here BNP synthesis is presumably enhanced, as shown in experimental animals 12 and in humans. 13 BNP synthesis in the infarct area including the border zone, defined as DBNP, should be augmented in response to increased regional wall stress.
5 DBNP was slightly higher in patients with than in patients without LV dilatation, but the difference did not attain significance at one month. This may be explained as the balance of the amount of residual viable myocardium synthesising BNP and the wall stress regulating BNP synthesis at the infarct site. The increased wall stress in group R compared with group NR augments BNP synthesis of a residual viable myocytes. On the other hand, residual myocytes at the infarct site, producing a small amount of BNP reflecting less wall stress, may be slightly greater than in group R, although in this study the difference in infarct size was not significant. As a result, the amount of BNP released from the infarct site was essentially similar in the two groups. As over 99% of circulating BNP was synthesised in the LV after myocardial infarction, 5 plasma BNP concentration reflects the BNP synthesised at both infarct and non-infarct sites. The significant difference in plasma BNP concentration was evident at that point without a clear cut difference in DBNP, suggesting that higher regional wall stress in the noninfarct sites in patients with LV dilatation enhances BNP synthesis at non-infarct sites.
Change in plasma BNP concentration after one month and LV remodelling From one to six months, the concentration of plasma BNP and of BNP released from the infarct site (DBNP) decreased significantly in both groups; however, the concentration of plasma BNP and DBNP were significantly higher in patients with LV dilatation than in patients without LV dilatation at six months, suggesting that the ventricular wall stress after myocardial infarction is still evident at six months after the onset during LV dilatation. In patients without LV dilatation, functional recovery after fibrotic scar formation may decrease LV wall stress during the first six months resulting in the termination of LV dilatation. On the other hand, in patients with LV dilatation, poor recovery of regional wall motion at the infarct site results in a sustained excess of ventricular wall stress leading to LV dilatation. 14 15 Plasma BNP concentration and DBNP in patients with LV dilatation decreased from six to 18 months but was significantly higher than in patients without LV dilatation. LV dilatation was not evident from six months to 18 months even in patients with LV dilatation. These findings suggest that the slower process of LV remodelling decreased BNP secretion and resulted in insignificant changes in BNP concentration, although further studies with more patients will be necessary.
Prediction of long term LV dilatation
As previously reported, plasma BNP concentration at one week or one month after the onset of myocardial infarction correlated significantly with the degree of LV dilatation at six months. 1 2 In the present study, plasma BNP at one month was significantly correlated with severity of LV dilatation both from one to six months and from one to 18 months. Multiple regression analysis identified plasma BNP concentration as a determinant of LV dilatation. Besides BNP concentration, the use of diuretics was identified as a factor determining LV dilatation. Although all medications were started immediately after admission, diuretics were mainly given to patients with clinical heart failure. The selection bias may be closely related to the identification of factors by multivariate linear regression analysis. These findings indicate that increased wall stress reflected by plasma BNP concentration is the key factor determining future LV function.
Study limitations
Although this study was limited to patients who were successfully reperfused during the acute phase without new cardiac events including silent restenosis, ischaemia, or reocclusion of the infarct related artery, over an 18 month period from the index event 16 17 not all LV remodelling could be predicted.
We assumed that the difference in BNP concentration between the aorta and the AIV reflects infarct site BNP production. However, some blood may be drained from the infarct site independently from the AIV through minimal veins draining directly into the cardiac cavities, as well as into the rest of the coronary sinus venous system. When this drainage occurs, it may be underestimated by our calculation of BNP production in the infarct site. Nevertheless, the contribution of this error would not be large, and the conclusion is still applicable. Circulating BNP concentration was not affected by the drainage of blood from the infarct site through the AIV because circulating BNP was assumed to be produced in the infarct and the non-infarct LV. BNP can be produced in various parts of the circulation system including the right ventricle, atria, and pulmonary vein in addition to the LV. The amount of BNP produced in these other areas is very low as previously reported 5 18 19 and did not affect our conclusion.
Our patients were not given medications that are usually administered in western countries; despite the high use of antiplatelets, in this study b blocking agents were rarely used. The high incidence of vasospasm after myocardial infarction 20 or of side effects (for example, bradycardia and hypotension) in Japanese compared with white patients may be why b blockers are rarely given. The significantly higher use of ACE inhibitor might have affected the production of BNP in group R, but multivariate linear regression analysis showed that ACE inhibitor was not an independent predictor of LV remodelling. Furthermore, ACE inhibitor has been shown to have little preventive effect on LV dilatation in patients without poor LV function such as patients in group R. 21 Even if medications used in this study did not relate to the major conclusion, the effect of medication must be considered. However, the number of patients is too small to assess the effects of pharmacological interventions. 22 Further, a large scale study will be necessary to assess relations between plasma BNP concentration and LV remodelling under a variety of conditions likely to affect the process.
In conclusion, the present study of plasma BNP and DBNP clarifies the important role of the non-infarct segment in LV remodelling. Furthermore, BNP may prove to be a useful clinical tool to predict remodelling and assess the timing of the process, but this study did not provide this proof.
